Thoracic Aortic Stents: a Combined Solution for Complex Cases  by Saccani, S. et al.
Thoracic Aortic Stents: a Combined Solution for Complex Cases
S. Saccani1, F. Nicolini1, C. Beghi1, C. Marcato2, M. Uccelli2, P. Larini2,
A. M. Budillon1, A. Agostinelli1 and T. Gherli1
1Cattedra e Divisione di Cardiochirurgia, 2Istituto di Radiologia Polo Angiografico,
UniversitaÁ degli Studi, Parma, Italy
Objectives: the combination of endovascular and standard surgical techniques may facilitate the management of complex
aortic disease although the long-term durability of this approach needs to be confirmed.
Design: a retrospective review of our experience in the treatment of patients with complex aortic pathology using a
combined endovascular and surgical approach.
Materials and methods: between 1998 and 2001, 27 patients with thoracic aortic aneurysm underwent stent-graft
implantation. Eight required combined endovascular and surgical procedure because of complex pathology. In 3 cases,
combined repair was carried out for a concomitant abdominal aortic aneurysm or aorto-iliac-femoral occlusive disease. In
the other 5 cases, vessel relocation was performed to obtain safe landing zones: left subclavian artery to left carotid artery
translocation in 3 patients, celiac trunk to superior mesenteric artery translocation in one and aorto-celiac-mesenteric
bypass grafting in one.
Results: one of the 8 patients died on 12th post-operative day of intestinal bleeding and bowel infarction. No neurological
sequelae were reported. The other patients are currently well at 11 months mean follow-up time.
Conclusions: simultaneous surgical and endovascular procedure is a feasible and may be a valuable adjunct to the
treatment of complex aortic and peripheral vessel anatomy.
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The surgical treatment of descending thoracic aortic
aneurysms is still associated with significant mortality
and morbidity, namely peripheral neurological defi-
cits (paraplegia or paraparesis), renal and respiratory
failure.1
Endovascular stent graft implantation has recently
been introduced in an attempt to limit such complica-
tions with encouraging early and mid-term results.2,3
The endovascular procedure is most commonly
feasible when the aneurysm is localized in a relatively
straight portion of the thoracic aorta and when limited
kinking and absence of stenosis at the peripheral vas-
cular access allow safe introduction of the endovascu-
lar device. Nevertheless there are situations that,
although characterised by concomitant thoracic and
abdominal aneurysms, remain amenable to endovas-
cular repair.
In an attempt to decrease risks related to simultan-
eous surgical procedures, alternative treatments havePlease address all correspondence to: S. Saccani, Cattedra e Divi-
sione di Cardiochirurgia, UniversitaÁ degli Studi, Via A. Gramsci, 14,
43100 Parma, Italy.
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originates near the left subclavian artery, correct
stent-graft implantation may occlude the vessel due
to overlapping of the device's proximal end; sub-
clavian surgical transposition to the homolateral
carotid artery or bypass avoids occlusive complica-
tions. Thoracic aneurysms are more complex because
they extend distally, involving visceral arteries; some-
times both thoracic and abdominal aneurysms coexist
in the same patient. Particular attention is then
required to optimise the procedural strategy in order
to combine surgery with endovascular stent-graft
implantation.
Based on the same principle of subclavian artery
transposition, surgical relocation of visceral arteries
(celiac trunk, superior mesenteric artery), allows
endovascular repair of Type I thoraco-abdominal
aneurysms. Again, surgical treatment of an infrarenal
abdominal aneurysm, often associated with iliac-
femoral occlusive disease, can permit con-
comitant thoracic aneurysm repair by stent-graft
implantation.
We report our experience in the combined treatment
of multilevel aortic pathology, combining a surgical
approach with endovascular stent-graft placement.ll rights reserved.
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Between February 1998 and July 2001, 27 patients
affected by thoracic aortic aneurysm, 23 males and 4
females (mean age of 55 years, range 22±74 years),
underwent thoracic stent-graft implantation at our
Institution. All patients were evaluated preoperatively
with CT and angiography to identify proximal and
distal landing zones and to determine the size and
the anatomic characteristics of the peripheral vessels.
Eight male patients of our series, with a mean age 61
years (range 38±72 years), required combined endo-
vascular and surgical procedure for complex multi-
level aortic and peripheral vessels pathology.
The patients were divided in two groups according
to the type of combined surgery performed: Group A,
composed by five patients in which the endopros-
thesis was implanted through a laparotomy for com-
plex multilevel aortic pathology or aorto-iliac-femoral
occlusive disease, and Group B, composed by three
patients with the left subclavian artery involved in the
aneurysmal dilation and then requiring a previous
translocation to the left carotid artery. Moreover,
two patients of the Group A underwent a relocation
of visceral vessels in order to obtain a distal safe
landing zone.
Our comprehensive series of 27 patients represent
more than 90% of the thoracic aneurysmal pathology
observed in the same period at our Institute.
All procedures were performed in the operating
room, with use of a portable Philips BV 300 C-arm
image intensifier with digital subtraction angio-
graphy. The follow-up scheduled controls were
performed with a CT scan respectively at 1, 6 months
and every year. Preoperative and operative data are
listed in Table 1.Table 1. Pre-operative and operative data.
Pt no. Aneurysm
localization
Diameter
(cm)
Stent/no.
1 Descending aorta 9 T/2
2 Distal arch 4 T/1
3 Thoracoabdominal 7 T/2
4 Descending aorta 7 G/1
5 Thoracoabdominal 6 T/4
6 Type B dissection 4 T/2
7 Distal arch 6 T/1
8 Thoracoabdominal 6 T/4
T: TalentTM; G: Gore thoracic excluder.
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Group A
Case 1 (male, 65 years old). A concomitant thoracic
aortic aneurysm (9 cm wide, 12 cm length) and infra-
renal abdominal aortic aneurysm (6 cm wide, 10 cm
length) was complicated by kinking of the proximal
abdominal aneurysmal neck (Fig. 1). By means of a
midline laparotomy, the patient first underwent infra-
renal abdominal repair with a 24 mm straight Dacron
tube. Then, through a 10 mm Dacron side limb,
implanted in an end-to-side fashion on the aortic ab-
dominal prosthesis, 2 thoracic stent-grafts (TalentTM,
World Medical Manufacturing Corporation, Sunrise,
Fla) (42 36 120 mm and 40 38 120 mm) were
implanted. At the end of the procedure the side limb
was oversewn near its anastomosis to the abdominal
prosthesis and the laparotomic incision was sutured.
Case 2 (male, 64 years old). The patient, who had
undergone a previous surgical bifurcated aorto-iliac
graft implantation, was referred for a double thoracic
aortic aneurysm affecting the aortic arch and the
descending thoracic aorta. Due to the severe athero-
sclerosis of the femoral arteries and to the tortuosity of
the iliac prosthesis branches, the abdominal aortic
graft was exposed by laparotomy. Through a 10 mm
Dacron side limb tube, anastomosed to the abdominal
graft, two thoracic endovascular stent grafts
(TalentTM) (40 38 120 mm) were then successfully
implanted.
Case 3 (male, 72 years old). The patient had both a
juxtadiaphragmatic thoracic aneurysm involving the
origin of the celiac trunk (7 cm wide, 12 cm length)
and an infrarenal aortic aneurysm (9 cm wide, 12 cmCombined surgery 30 days
results
Follow-up
results
Aorto aortic graft Good 25 ± good
Laparotomy Good 19 ± good
Aortobifemoral graft Good 7 ± good
Celiac translocation
Aortobifemoral graft Good 3 ± good
Aortoaortic graft Death
Celiac translocation
Sup. mesentheric transl.
Subclavian artery
Translocation
Good 12 ± dissection
Subclavian artery
Translocation
Good 4 ± good
Subclavian artery
Translocation
Good 1 ± good
Fig. 1. Preoperative angiography (on the left) and CT scan and angiographic controls after implantation (on the right).
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patient first underwent surgical implantation of a
bifurcated aorto bi-femoral Dacron graft prosthesis.
Then, the celiac trunk was translocated to the superior
mesenteric artery, to prepare the distal landing zone
for the endovascular graft. Finally, through a 10 mm
Dacron side limb tube, anastomosed to the abdominal
graft, two thoracic endovascular stent grafts
(TalentTM) (40 36 120 mm and 38 36 115 mm)
were placed with the `` bare spring'' distal end partially
overlapping the origin of the superior mesenteric
artery (Fig. 2).
Case 4 (male, 67 years old). The patient, previously
operated for an isthmic saccular aortic aneurysm
with a graft interposition, was admitted for a pseu-
doaneurysm (7 cm wide) located on the distal suture
line. Preoperative angiography revealed atheroscle-
rotic obstructive disease involving both iliac arteries.
After laparotomy and surgical implantation of a bifur-
cated aorto-iliac graft, two stent grafts (Thoracic
Excluder ± W. L. Gore, Inc., Flagstaff, AZ, U.S.A.)
(34 100 mm) were inserted through a 10 mm Dacron
side limb tube and successfully deployed.
Case 5 (male, 71 years old). The patient was referred
for a thoracoabdominal aortic aneurysm extending
from the left subclavian artery to the renal arteries
involving the origin of visceral vessels and additional
severe iliac atherosclerotic occlusive disease. With a
midline laparotomy a Dacron bypass grafting was
performed between the infrarenal abdominal aorta
and the celiac and superior mesenteric arteries.
Through a 10 mm side limb Dacron tube, anastomosed
to the readily made aorto-celiac-mesenteric bypassgraft, four `` custom-made'' thoracic stent grafts
(TalentTM) (38 34 110 mm; 38 34 150 mm;
38 34 150 mm; 38 34 150 mm), were deployed
to cover the thoraco-abdominal aneurysm, with the
`` bare spring'' partially overlapping the left subclavian
artery (proximally) and the origin of the renal arteries
(distally).
Group B
Case 6 (male, 38 years old). The patient was referred
for a type B aortic dissection with the entry site located
near the left subclavian artery; pre-operative angio-
graphy showed an extremely narrowed true lumen
compressed by the false lumen. After endovascular
placement of 2 thoracic stent-grafts (TalentTM)
(36 36 110 mm and 40 40 65 mm), closure of
the dissection entry site was still incomplete. One
month later, to extend the proximal landing zone,
the left subclavian was transposed to the left
common carotid artery, originating from the brachio-
cephalic trunk. The patient then underwent additional
stent-graft deployment (40 42 110 mm) with
device's proximal end contiguous to the origin of the
brachiocephalic artery.
Case 7 (male, 69 years old). A saccular aortic aneurysm
(6 cm wide) located at the distal portion of the aortic
arch required the transposition of the left subclavian
artery to the left common carotid artery to prepare
a suitable proximal landing zone for successful
endovascular stent-graft deployment (TalentTM) (34
34 110 mm). An associated stenosis of the right
internal carotid artery was treated by endoarterectomy.Eur J Vasc Endovasc Surg Vol 24, November 2002
Fig. 2. Preoperative CT (on the left) and angiographic control after implantation (on the right).
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vious myocardial revascularization with the left
internal mammary artery (LIMA) anastomosed to the
left anterior descending coronary artery (LAD), was
re-admitted on emergency for fissured thoracoabdom-
inal aneurysm. Due to the risk of occluding, after
endovascular stent-graft deployment, both the origin
of the left subclavian artery and the patent LIMA
to LAD graft, a left carotid to left subclavian artery
by-pass was performed. Thus prepared, the patient
then underwent `` safe'' stent graft implantation with
four thoracic segments deployed (Thoracic Excluder ±
W. L. Gore, Inc., Flagstaff, AZ, U.S.A.) (38 100 mm;
38 150 mm; 38 200 mm; 38 100 mm), extending
from the left common carotid artery to the celiac trunk.
Results
The stent deployment was technically successful in all
cases and no major intraoperative or neurological
complications occurred. After a short stay in the
Intensive Care Unit, all patients were discharged
from the hospital 5 days on average after the proce-
dure. For these 8 complex cases, the mean follow-upEur J Vasc Endovasc Surg Vol 24, November 2002time is 10.6 months; 7 out of 8 patients are alive
and asymptomatic.
One patient of group B, completely asymptomatic,
presented limited residual endoleakage 21 months
after stent-graft implantation; since follow-up CT con-
trols never showed aneurysmatic growth, no further
procedures were undertaken.
One patient of group A died on 12th post-operative
day of intestinal bleeding and bowel infarction.
Although the bleeding site was not demonstrated, at
autopsy there was a large retroperitoneal haematoma
and intestinal necrosis. The stent-grafts were patent
and in proper position; no gross vascular anastomotic
defect was evident, and the aetiology of the intestinal
infarction left unknown.
As of March 2002 the follow-up period is 23
months/patient: all the survivors underwent the
scheduled controls and all resulted alive and free of
leakages.
Discussion
More than 60% of the patients treated for thoracic
aneurysm repair have multifocal aortic disease,
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According to Crawford, early post-operative deaths
following isolated surgery of descending thoracic
aneurysms are caused, in 30% of the cases, by a rup-
ture of untreated infrarenal aneurysms.4
On the other hand simultaneous thoracic and
abdominal aortic aneurysm repair is a challenging
surgical procedure associated with high mortality
and morbidity.
Endovascular repair may reduce the morbidity and
mortality.7 The procedure is most suitable when the
neck is 1±2 cm, away from left subclavian artery.
Implantation can be difficult when there is a short
proximal neck, involvement of the visceral vessels or
when ilio-femoral occlusive disease prevents safe
introduction of the endovascular device.
In such patients, a combined approach may be
adopted.4±6
This technique includes surgical transposition or
by-pass grafting of the left subclavian artery to the
left common carotid, so to create a safe proximal land-
ing zone for the endovascular stent-graft, as per-
formed by us in 3 patients. The relocation of the
subclavian artery is not mandatory in all cases and it
may be delayed but we performed this procedure in
one patient because of the presence of a patent left
internal mammary artery graft (case 8). In the others
two patients we preferred to perform the relocation
respectively in one case for the presence of supra
aortic trunk occlusive pathology (case 7) and in the
other for the young age of the patient.
A different operative strategy is needed when tho-
racic and abdominal aneurysms coexist. In these
cases, abdominal aortic aneurysm (or aorto-iliac-
occlusive disease) repair by open surgery allows con-
comitant thoracic aneurysm treatment by insertion of
an endovascular stent-graft through a 10 mm Dacron
side limb, sutured to the abdominal aortic graft in an
end-to-side fashion. We performed this procedure in
5 patients.
In 2 of these (cases 3 and 5), affected by thoraco-
abdominal and infrarenal aortic aneurysms, additional
visceral vessel translocation (and multiple by-pass
grafting), it was necessary to create a sufficient distal
landing zone for deployment of the thoracic stent-
graft. To our knowledge, such procedures have not
previously been reported in literature.
We are conscious that the indications to endovascu-
lar treatment for Group A patients are extreme but we
are convinced that this strategy is a real possibility
for very high risk patients. We believe that the com-
bination of surgical and endovascular approaches
represents a possible way to increase indications for
thoracic stent-graft implantation in patients thatcannot be sent to conventional surgery because of
co-morbidities or unstability. Although long-term
results remain unknown, early follow-up has been
sufficiently encouraging to verify proper assessment
of indications.
In our overall series of 27 patients, we had two in-
hospital deaths and no major neurologic, respiratory
or renal complications. Because the less invasive
endovascular approach compares favourably with
standard surgical intervention, it seems a feasible
and versatile option, particularly for high-risk
patients.
Long-term follow-up studies need to be carried out
in order to define efficacy and clinical outcome of
patients subject to combined solutions for complex
and multifocal aortic disease. Strict collaboration
between cardiovascular surgeon and interventional
radiologist appears mandatory, allowing a more com-
prehensive approach to challenging cases and maxi-
mizing the expertise of two different disciplines,8 even
if we believe that the operating room is the `` ideal
theatre'' to treat such complex cases.
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